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DISCONTINUOUS RECEPTION (DRX) IN A
DEVICE READY STATE

BACKGROUND

Wireless mobile communication technology uses various
standards and protocols to transmit data between a node
(e.g., a transmission station) and a wireless device (e.g., a
mobile device). Some wireless devices communicate using,
orthogonal frequency-division multiple access (OFDMA) 1n
a downlink (DL) transmission and single carrier frequency
division multiple access (SC-FDMA) 1n an uplink (UL)
transmission. Standards and protocols that use orthogonal
frequency-division multiplexing (OFDM) for signal trans-
mission include the third generation partnership project
(3GPP) long term evolution (LTE), the Institute of Electrical
and Electronics Engineers (IEEE) 802.16 standard (e.g.,
802.16¢, 802.16m), which 1s commonly known to industry
groups as WiMAX (Worldw1de interoperability for Micro-
wave Access), and the IEEE 802.11 standard, which 1s
commonly known to industry groups as Wik1.

In 3GPP radio access network (RAN) LTE systems, the
node can be a combination of Evolved Universal Terrestrial
Radio Access Network (E-UTRAN) Node Bs (also com-
monly denoted as evolved Node Bs, enhanced Node Bs,
cNodeBs, or eNBs) and Radio Network Controllers (RNCs),
which communicates with the wireless device, known as a
user equipment (UE). The downlink (DL) transmission can
be a communication from the node (e.g., eNodeB) to the
wireless device (e.g., UE), and the uplink (UL) transmission
can be a communication from the wireless device to the
node.

BRIEF DESCRIPTION OF THE

DRAWINGS

Features and advantages of the disclosure will be apparent
from the detailed description which follows, taken 1n con-
junction with the accompanying drawings, which together
illustrate, by way of example, features of the disclosure; and,
wherein:

FIG. 1 1illustrates a computing device that switches from
a ready state to a standby state in accordance with an
example;

FIG. 2 illustrates a computing device that remains 1n a
ready state without switching to a standby state 1n accor-
dance with an example;

FIG. 3 illustrates an alignment between a ready state
discontinuous reception (RS-DRX) and a packet arrival for
a cellular Internet of Things (JOT) device 1n accordance with
an example;

FIG. 4 depicts functionality of a mobile station (MS)
configured for cellular Internet of Things (CloT) 1n accor-
dance with an example;

FIG. § depicts functionality of a base station operable to
configure a cellular Internet of Things (CloT) device for
ready state discontinuous reception (RS-DRX) 1n accor-
dance with an example;

FIG. 6 depicts a flowchart of a machine readable storage
medium having mstructions embodied thereon for perform-
ing ready state discontinuous reception (RS-DRX) at a
cellular Internet of Things (CloT) device 1n accordance with
an example;

FIG. 7 depicts a flowchart of a machine readable storage
medium having mstructions embodied thereon for perform-
ing configuring mobile stations (MS) for ready state discon-
tinuous reception (RS-DRX) at a base station 1n accordance
with an example;
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FIG. 8 illustrates a diagram of a wireless device (e.g., UE)
in accordance with an example; and

FIG. 9 illustrates a diagram of a wireless device (e.g., UE)
in accordance with an example.

Retference will now be made to the exemplary embodi-
ments illustrated, and specific language will be used herein
to describe the same. It will nevertheless be understood that
no limitation of the scope of the technology 1s thereby
intended.

DETAILED DESCRIPTION

Belore the present technology 1s disclosed and described,
it 1s to be understood that this technology 1s not limited to the
particular structures, process steps, or materials disclosed
herein, but 1s extended to equivalents thereol as would be
recognized by those ordinanly skilled 1n the relevant arts. It
should also be understood that terminology employed herein
1s used for the purpose of describing particular examples
only and 1s not intended to be limiting. The same reference
numerals i different drawings represent the same element.
Numbers provided 1n flow charts and processes are provided
for clarity 1n illustrating steps and operations and do not
necessarily indicate a particular order or sequence.

EXAMPLE EMBODIMENTS

An 1nitial overview of technology embodiments 1s pro-
vided below and then specific technology embodiments are
described in further detail later. This 1mitial summary 1is
intended to aid readers in understanding the technology
more quickly but 1s not intended to identify key features or
essential features of the technology nor 1s it intended to limat
the scope of the claimed subject matter.

The Internet of Things (IoT) 1s the interconnection of
computing devices scattered across the globe within an
existing network infrastructure. Each computing device can
be assigned a unique 1dentifier, such as a umiform resource
identifier (URI), or a global unique identifier. The computing
devices may be able to capture information, and then
securely communicate the information over a network to
other computing devices or a centralized server computer
with or without human intervention. The computing devices
can be embedded 1n a variety of products, such as home
appliances, automobiles, thermostats, smart traflic lights,
ctc. The Internet of Things can be useful for a number of
applications, such as environmental monitoring, infrastruc-
ture management, industrial applications, building and home
automation, energy management, medical and healthcare
systems, transport systems, etc.

Cellular Io'T (CloT) can operate 1n licensed spectrum (1.e.,
computing devices can communicate over a cellular net-
work). CloT can offer a reduced cost of connectivity,
improved battery life, robust device authentication and reli-
able connectivity. The use of licensed spectrum can allow
controlled quality of service and provide global coverage,
ideally over existing cellular bands and using existing cells,
transceivers and antennas. The evolution 1n cellular tech-
nology from 2G to 3G to 4G has delivered enormous
spectral efliciency gains, improved resource utilization,
increased data rates and reduced latency. For high-end CloT
applications, this improved technology has value, but for
low-end CloT applications, this improved technology can
add unnecessary cost and complexity to the computing
device.

The 3GPP standard is currently developing Global Sys-
tem for Mobile Communications (GSM) Enhanced Data
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rates for GSM Evolution (EDGE) Radio Access Network
(GERAN)-based cellular IoT (CloT) solutions. GERAN

provides an enhanced general packet radio service (GPRS),
which 1s a packet oriented mobile data service for 2G and 3G
cellular communications. Enhanced GPRS has been pro-

posed to develop the GER AN-based CloT, which is referred

to as enhanced coverage GSM (EC-GSM). In EC-GSM,
enhanced GPRS frame and channel structures have been

adopted 1n downlink to keep backwards compatibility for
coexistence with legacy GPRS.
In EC-GSM, a computing device (e.g., a CloT device) can

be 1n a GPRS Mobility Management (GMM) Ready State

during data transmission and reception, as well as immedi-
ately after the data transmission or reception for a defined

duration, as configured by a READY Timer. In the GMM

Ready State, the computing device 1s known at a cell level
to the network. In the GMM Ready State, the computing,
device can either be 1n a Packet Transier State or a Packet
Idle State. The computing device can move from the GMM
Ready State to a GMM Standby State after expiry of the
READY Timer.

In the GMM Standby State, the computing device 1s
always 1n a Packet Idle State and known to the network at
a routing area (RA) level. If a downlink (DL) packet arrives
during the Packet Idle State (during the GMM Standby
State), the network informs the computing device by send-
ing a paging message. The computing device then performs
a random access procedure in order to receive the DL data.
Similarly, 11 an uplink (UL) packet arrives during the Packet
Idle State (during the GMM Standby State), the computing
device performs a random access procedure to transmit the
UL data.

In one example, when the computing device i1s in the
GMM Standby State, the computing device will move from
the GMM Standby State to the GMM Ready State in order
to recerve the DL data or transmit the UL data. In other
words, performance of the random access procedure can
cause the computing device to transition from the GMM
Standby State to the GMM Ready State. After the computing
device transitions to the GMM Ready State, the computing
device can perform a data transmission/reception event (1.e.,
receive the DL data or transmit the UL data). The transition
from the GMM Standby State to the GMM Ready State can
incur significant signaling overhead in the network and
access latency. Therefore, frequent state transitions (e.g.,
GMM Standby State to GMM Ready State, and vice versa)
adversely impact network performance and device power
consumption.

In some CloT use cases (e.g., industrial CloT), the com-
puting devices can transmit or receive packets 1n a more
frequent manner (e.g., every 1-5 minutes). In such a use
case, 1f the computing device 1s moved from the GMM
Ready State to the GMM Standby State after each packet
transmission or reception, there will be a large 1mpact on
network signaling overhead due to the state transitions (e.g.,
GMM Standby State to GMM Ready State, and vice versa).
This problem can be magnified when thousands of comput-
ing devices are performing frequent state transitions in the
network.

One potential solution 1s for the computing devices to be
in the GMM Ready State at all times, thereby minimizing
the state transitions. By keeping the computing devices
always 1n the GMM Ready State, paging resources can be
saved. Paging 1s limited to a cell, and this potential solution
can save paging resources 1n all cells of a routing area (RA).
The saving of paging resources can be attractive for low or
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4

no mobility devices. However, keeping the computing
devices always 1n the GMM Ready State will result 1n high
battery consumption.

With previous solutions, the frequent performance of
random access by the computing devices (e.g., CloT
devices) results 1n 1increased signaling overhead, even when
the computing devices are kept in the Packet Idle State of the
GMM Ready State (also referred to as discontinuous recep-
tion (DRX) Mode) The frequent random access can also
increase computing device power consumption.

In previous solutions, in the GMM Ready State, the
computing device can move from the Packet Transier State
to the Packet Idle State after a transport block tlow (TBF) 1s
completed. After the TBF completion, the computing device

can monitor all downlink packet common control channels
(PCCCHs) for a defined duration, as configured by a non-

DRX Timer. This period can be referred to as a Non-DRX
Mode of the Packet Idle State (of the GMM Ready State).
After the non-DRX Timer expires, the computing device can
move from the Non-DRX Mode to DRX Mode of the Packet
Idle State (of the GMM Ready State). During the DRX
Mode, the computing device can monitor only 1ts own
paging group, and the computing device 1s reachable with an
increased latency depending on the paging/DRX cycle.

In previous solutions, 1 a downlink (DL) packet arrives 1n
the DRX Mode of the Packet Idle State (of the GMM Ready
State), the network can page the computing device to move
the computing device from the Packet Idle State to the
Packet Transfer State. The computing device may not per-
form a contention-based random access procedure to move
from the Packet Idle State to the Packet Transfer, as the
computing device 1s already known at the cell level. A base
station system (BSS) can send a DL immediate assignment
to the computing device on the computing device’s group
specific paging channel. If a timing advance 1s not valid, the
BSS can trigger the computing device to transmit a
PACKET CONTROL ACKNOWLEDGEMENT message
as four access bursts 1 a reserved uplink radio block
specified by a reserved radio block period (RRBP) field. The
PACKET CONTROL ACKNOWLEDGEMENT message
(1.e., the four radio bursts) can be used to derive the timing,
advance 1 UL.

In previous solutions, 1t an uplink (UL) packet arrives 1n
the DRX Mode of the Packet Idle State (of the GMM Ready
State), the computing device can perform packet access
(e.g., a random network access or channel request) to move
from the Packet Idle State to the Packet Transier State.
However, frequent UL packet arrivals can cause an
increased amount of random access signaling.

In some cases, for UL traflic, the computing device can
expect a DL acknowledgement (ACK) from the network.
For example, in Mobile Autonomous Reporting (MAR) type
UL traflic transmissions, an ACK 1s expected for approxi-
mately 50% of the UL traflic transmissions. Similarly, for
DL traflic (e.g., network command type of traflic), an uplink
response/ACK may be utilized for approximately 50% of the
DL transmissions. One potential solution 1s that after the
data transmission/reception, the computing device can wait
in a non-DRX Ready State until the computing device has
received an ACK or transmitted a response. However, such
a solution can adversely impact device power saving. In
another potential solution, the computing device can receive
the ACK or transmit the response during a DRX ON
duration. However, DRX cycles can be very long as the
objective of DRX 1s to maximize device power saving.
Therefore, 1t may not be reasonable to delay the ACK/
response by such a large delay.
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The present technology aims to reduce the frequency of
state transitions (e.g., GMM Ready State to GMM Standby
State) in an EC-GSM system for computing devices (e.g.,
industrial CloT devices) while minimizing device power
consumption. More specifically, the present technology
introduces a device power optimized Ready State for EC-
GSM, which 1s referred to as Ready-State Discontinuous
Reception (RS-DRX). The computing device (e.g., mndus-
trial CloT device) will remain 1n the device power optimized
GMM Ready State to save device power and to reduce
network signaling overhead. In other words, the computing,
device does not switch to a Standby State. RS-DRX also
cnables the network to reach these computing devices with
reduced latency. In RS-DRX, the computing device can
sleep 1n between data receptions/transmissions in the GMM
Ready State in order to save device power. During sleep, the
computing device can skip monitoring the packet common
control channels PCCCHs. The computing device can skip
monitoring a GSM common control channel (CCCH) 11 the
PCCCH 1s not configured. In RS-DRX, the computing
device can periodically wake up for a short duration to check
for possible downlink (DL) assignment messages. During
the short awake period, the computing device can monitor
all DL PCCCHs. When an incoming (DL) packet arrives for
the computing device, the network can send a downlink
assignment message on any ol the PCCCHs in that cell
during the awake period of the computing device.

In previous solutions, i case of UL packet arrival during

the Packet Idle State (of the GMM Ready State), the
computing device can perform packet access. The packet
access can be performed on a random access channel, which
1s a contention-based network access procedure. If the
network access 1s successiul, the computing device obtains
an UL immediate assignment to make a packet resource
request. However, in RS-DRX, the computing device may
transmit UL data only during the DRX ON duration to save
power. As a result, in RS-DRX, device power can be saved
and network signaling can be reduced, e.g., (1) by aggregat-
ing the UL packets during the sleep period, (1) by aggre-
gating the DL and UL packets during the sleep period, and
(111) waking up for DL and UL packet transmissions at the
same time.
In RS-DRX, 11 an ACK/Response 1s desired after UL/DL
trailic, the computing device can start a few shorter RS-DRX
cycles immediately after the data transmission/reception
without waiting for the reception/transmission ol ACK/
Response. The ACK/Response can be recerved or transmit-
ted during the ON duration of these short RS-DRX cycles.
This solution ensures the reception or transmission of the
ACK/Response with reduced latency, while minimizing the
device power consumption for ACK/Response reception/
transmission. After the few short RS-DRX cycles occur,
longer RS-DRX cycles can be started.

In the present technology, significant device power sav-
ings can be achieved by using a Ready State Discontinuous
Reception (RS-DRX) m EC-GSM (1.e., GERAN based
CloT). With this solution, a computing device (e.g., a CloT
device) can sleep 1n between data receptions/transmissions
in the GMM Ready State in order to save device power.
While the computing device 1s asleep, the computing device
will skip monitoring packet common control channels
(PCCHs), such as the packet broadcast control channel
(PBCCH), packet access grant channel (PAGCH), packet
paging channel (PPCH), packet notification channel
(PNCH), or a GSM common control channel (CCCH) if the
PCCCH 1s not configured. The computing device can peri-
odically wake up for a short duration to check for possible
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downlink (DL) transmissions. During the short awake
period, the computing device can monitor all DL PCCCHs.
When an incoming (DL) packet arrives for the computing
device, the network can send a downlink assignment mes-
sage on any one of the PCCCHs 1n that cell during the short
awake period of the computing device. In addition, the
computing device can sleep between data transmission/
reception and the associated reception/transmission of ACK/
Response for the data.

FIG. 1 illustrates an example of a computing device that
switches from a GMM Ready State to a GMM Standby
State. As an example, the computing device can be a cellular
Internet of Things (CloT) device. The computing device can
switch between the GMM Ready State and the GMM
Standby State in accordance with previous solutions. A
logical link control (LLC) packet data unit (PDU) can be
received at a base station for the computing device. A
transport block tlow (TBF) can be established to transfer the
LLC PDU over the air interface from the base station to the
computing device. The LLC PDU can go to a radio link
control (RLC) layer/media access control (MAC) layer of
the computing device. The TBF can be established in order
to allocate a radio resource for the transmission of the LLC
PDU. At this point, the computing device 1s in a Packet
Transter State of the GMM Ready State. A READY timer 1s
started before starting TBF.

In one example, the TBF can be established during the
GMM Ready State. More specifically, when TBF occurs, the
computing device 1s in a Packet Transfer State of the GMM
Ready State. The establishment of the TBF can coexist with
the Packet Transfer State. After TBF 1s released, the com-
puting device can switch from the Packet Transfer State to
a Packet Idle State of the GMM Ready State. More specifi-
cally, the computing device can switch to a non-DRX Mode
of the Packet Idle State (of the GMM Ready State). After the
computing devices switches to the non-DRX mode, a non-
DRX timer can start. While the non-DRX timer 1s running
(during the non-DRX Mode of the Packet Idle State of the
GMM Ready State), the computing device can remain fully
awake and monitor all DL packet common control channels
(PCCCHs) for paging and DL assignments. After expiry of
the non-DRX timer, the computing device can transition
from the non-DRX mode to a DRX mode. The DRX mode
1s within the Packet Idle State of the GMM Ready State.
During the DRX mode (of the Packet Idle State of the GMM
Ready State), the computing device can wake up only to
read a PCCCH which corresponds to 1ts paging group.

In one example, during the DRX mode (of the Packet Idle
State of the GMM Ready State), the READY timer can
expire, and at this point, the computing device can switch
from the GMM Ready State to a GMM Standby State. More
specifically, the computing device can transition into a
Packet Idle State of the GMM Standby State. During the
Packet Idle State of the GMM Standby State, the computing
device can wake up only to read a PCCCH which corre-
sponds to its paging group. The computing device can
remain in the Packet Idle State of the GMM Standby State
until another LLC PDU 1s received, at which point the
computing device can switch back to the Packet Transfer
State of the GMM Ready State. In other words, the com-
puting device may continually switch between the GMM
Ready State and the GMM Standby State 1n order to perform
data transmissions or receptions.

FIG. 2 illustrates an example of a computing device that
remains 1 a GMM Ready State without switching to a
GMM Standby State. A logical link control (LLC) packet

data unit (PDU) can be receirved at a base station for the
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computing device. A transport block flow (TBF) can be
established to transier the LLC PDU over the air interface
from the base station to the computing device. The LLC
PDU can go to a radio link control (RLC) layer/media access
control (MAC) layer of the computing device. The TBF can
be established 1n order to allocate a radio resource for the
transmission of the LLC PDU. At this point, the computing,
device can be 1n a Packet Transfer State of the GMM Ready
State. A READY timer can be started while the TBF 1s
established.

In one example, the TBF can be established during the
GMM Ready State. More specifically, the TBF can be
established during a Packet Transfer State of the GMM
Ready State. After the TBF 1s established during the Packet
Transter State of the GMM Ready State (and the LLC PDU
1s transierred over the air interface), the computing device
can switch from the Packet Transfer State to a Packet Idle
State with RS-DRX (in the GMM Ready State). In other
words, the computing device still remains in the GMM
Ready State, and does not switch to a GMM Standby State.
After the computing device switches from the Packet Trans-
fer State to the Packet Idle State with RS-DRX, the com-
puting device can start several Short RS-DRX cycles (e.g.,
two short RS-DRX cycles). At the beginning of each short
RS-DRX cycle, the computing device can be ON {for a
defined duration. This can be referred to as RS-DRX ON.
During the ON duration, the computing device can remain
tully awake and monitor all DL packet common control
channels (PCCCHs). When the computing device 1s not ON
during the short RS-DRX cycles, the computing device can
be asleep. This can be referred to as RS-DRX Short Sleep.
During this time, the computing device does not monitor any
PCCCHs and performs minimal activity in order to save

power.

As described in further detail below, the few short RS-
DRX cycles may enable the computing device to receive an
ACK or transmit a response during the ON durations of the
short RS-DRX cycles. The ACK/response can be 1n response
to the LLC PDU that was transierred over the air interface.

After a few short RS-DRX cycles (which occur during the
Packet Idle State with RS-DRX 1n the GMM Ready State),
the computing device can start Long RS-DRX cycles. At this
time, the computing device remains 1n the Packet Idle State
with RS-DRX 1n the GMM Ready State. Siumilar to the short
RS-DRX cycles, at the beginning of each long RS-DRX
cycle, the computing device can be ON for a defined
duration. This can be referred to as RS-DRX ON. During the
ON duration, the computing device can remain fully awake
and monitor all DL packet common control channels (PC-
CCHs). When the computing device 1s not ON during the
long RS-DRX cycles, the computing device can be asleep.
This can be referred to as RS-DRX Long Sleep. During this
time, the computing device does not monitor any PCCCHs
and performs minimal activity 1in order to save power.

At some point during the long RS-DRX cycles, an LLC
PDU can be received for the computing device. At the next
ON duration 1n the long RS-DRX cycle, a base station
system (BSS) can send a packet DL assignment message to
the computing device on the PCCCH. The computing device
can transition from the Packet Idle State with RS-DRX (in
the GMM Ready State) back to the Packet Transter State (in
the GMM Ready State) in order to receive the DL packet.
The computing device can reset the READY timer. As
described above, the computing device can establish TBF
for the LLLC PDU to be transferred over the air interface, and
then after a period of time, the computing device can revert
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Ready State). Therefore, the computing device can continue
running the long RS-DRX cycles until an LLC PDU 1s
received at the base station, and then the computing device
can switch to the Packet Transter State 1n order to receive the
LLC PDU from the base station.

In another example, during an ON duration of the long
RS-DRX cycle, an UL packet can arrive for transmission.
The computing device can transition from the Packet Idle
State with RS-DRX (1in the GMM Ready State) back to the
Packet Transfer State (1in the GMM Ready State) in order to
transmit the UL packet. The computing device can reset the
READY timer. As described above, the computing device
can establish TBF for the LLC PDU to be transferred over
the air interface, and then after a period of time, the
computing device can revert back to the Packet Idle State
with RS-DRX (in the GMM Ready State).

As shown in FI1G. 2, the computing device can continually
remain 1n the GMM Ready State without transitioning to the
GMM Standby State, thereby resulting in reduction 1n
network signaling (such as elimination of state transition
signaling and reduction in paging signaling as paging 1s
limited to only one cell). During the GMM Ready State, the
computing device can implement a Packet Idle State with
RS-DRX, during which the computing device runs several
short RS-DRX cycles and then long RS-DRX cycles 1n order
to enhance device power saving. The long RS-DRX cycles
can be run until a new LLC PDU 1is received, and the
computing device transitions back to the Packet Transfer
State of the GMM Ready State.

In one configuration, i Ready-State Discontinuous
Reception (RS-DRX), the computing device (e.g., CloT
device) always remains in the GMM Ready State by deac-
tivating a READY Timer function. As further described in
3GPP Technical Specification (T'S) 23.060, 1f a timer length
1s set to all *“1”s (binary), the READY timer function is
deactivated, 1.e., the timer no longer runs and the computing
device remains in the GMM READY State. In one example,
the computing device can request the network for deactiva-
tion of the READY timer during an attach request procedure,
which allows the computing device to always remain in the
GMM Ready State. In an alternative configuration, the
computing device can request the network for a RS-DRX
configuration 1n the attach request procedure, and 1n
response, the network can deactivate the READY timer for
the computing device. By eliminating the state transitions
between the GMM Ready State and the GMM Standby
State, a significant amount of network signaling can be
saved due to a reduced number of random access procedures
(1.e., a reduced number of random access procedures are
triggered). In addition, the elimination of the state transitions
can avoid routing area (RA) level flooding of paging mes-
sages.

In one example, the computing device can request the
network (e.g., BSS) for the RS-DRX configuration using a
newly defined field in the attach request procedure. In one
example, the computing device’s request for RS-DRX can
be forwarded from the BSS to the core network (e.g.,
SGSN), such that the core network can set the READY timer
as deactivated for the computing device. As a result, the
computing device can remain in the GMM Ready State with
the RS-DRX mechanism running in the GMM Ready State.
In addition, the core network can set the legacy non-DRX
timer as zero for the computing device, and sends the legacy
non-DRX timer to the computing device.

In one example, after receiving the request, the BSS can
send the computing device various RS-DRX parameters in
an attach response message. The RS-DRX parameters can
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include an RS-DRX ON duration, a Short RS-DRX Cycle,
a number of Short RS-DRX cycles, Long RS-DRX Cycle,
ctc. Based on the RS-DRX parameters received from the
BSS, the computing device can implement RS-DRX. In one
example, alter being configured for RS-DRX, the computing
device can stay in the GMM Ready State with the RS-DRX
mechanism running in the GMM Ready State in order to
save device power.

In one example, the computing device may not receive an
ACK for a transmission of an UL packet, or the computing,
device may not transmit a response for a reception of a DL
packet. In this case, the BSS may not configure the short
RS-DRX cycle (1.e., the number of short RS-DRX cycles
will be set to 0). Otherwise, the BSS will configure the short
RS-DRX cycle (1.e., the number of short RS-DRX cycles
will be a non-zero value).

In one example, the BSS can select a value of the long
RS-DRX cycle as an integer multiple of the short RS-DRX
cycle (when the short RS-DRX cycle 1s configured). As a
non-limiting example, the duration of the long RS-DRX
cycle can be 8 times the duration of the short RS-DRX cycle.
However, unlike the number of short RS-DRX cycles, the
BSS does not set a number of long RS-DRX cycles.

In one example, after the computing device transmits an
UL packet or receives a DL packet, the computing device
does not explicitly wait for recerving an ACK or sending a
response/ACK. After transmission/reception of an UL/DL
packet, the computing can start the short RS-DRX cycles.
During the ON periods of the short RS-DRX cycles, the
computing device 1s capable of receiving an ACK or sending
a response/ ACK, which can improve device power savings
and maintain a reasonably low latency when receirving/
sending the ACK/response. Once the configured number of
short RS-DRX cycles 1s completed, the computing device
can enter/start the long RS-DRX cycles.

In one example, 11 an ACK 1is received for an UL packet
or a Response/ACK 1s transmitted for a DL packet during
the short DRX ON Duration, the computing device does not
terminate the short RS-DRX cycle and enter into the long
RS-DRX cycles. Rather, the computing device continues/
maintains the DRX timers that are configured by the net-
work. On the other hand, a reception or transmission of a
data packet during the short DRX ON Duration (or a long
DRX ON duration) can result in the termination of the
RS-DRX cycles. The differentiation in the computing
device’s behavior for data packets and ACK/response can
result 1n the computing device spending additional time in
the RS-DRX sleep mode (both 1n the short RS-DRX cycles
and the long RS-DRX cycles) 1n order to increase device
poOwWer savings.

In one example, although eliminating the state transitions
between the GMM Ready State and the GMM Standby State
reduces signaling overhead, the power consumption 1 RS-
DRX Sleep (in the GMM Ready State) may be slightly
higher than sleep in the GMM Standby State. Therefore, 1
the packet inter-arrival time 1s longer (e.g., 1n hours or days)
the benefit of keeping the Computlng device always 1n the
GMM Ready State with RS-DRX 1s diminished.

In one example, as shown 1n FIG. 2, the computing device
can establish a transport block flow (ITBF) during a Packet
Transter State of the GMM Ready State. The computing
device can establish the TBF (1.e., receives resource alloca-
tion) in order to permit transfer of an LLC PDU over the air
interface. The transier of the LLC PDU can mvolve an UL
transmission from the computing device or a DL reception
at the computing device. After completion of the TBF, 1n
contrast to previous solutions, the computing device does

10

15

20

25

30

35

40

45

50

55

60

65

10

not start a non-DRX timer. In RS-DRX, the wvalue of
non-DRX Timer 1s zero. Rather, the computing device starts
periodic RS-DRX cycles (1n a Packet Idle State with RS-
DRX of the GMM Ready State). The computing device can
first start short RS-DRX cycles, which are then followed by
long RS-DRX cycles. The long RS-DRX cycles can run
until another LLLC PDU arrives, at which point, the com-

puting device can switch back to the Packet Transier State
(of the GMM Ready State) and establish a new TBF.

In one example, as shown in FIG. 2, the RS-DRX ON and
RS-DRX Sleep states (e.g., during the long RS-DRX cycles)
can alternate until the next packet arrival (i.e., until the
arrival of another LLC PDU). The RS-DRX ON and the
RS-DRX Sleep can constitute a RS-DRX Cycle. Upon
arrival of the next packet, the RS-DRX cycle 1s terminated
and TBF 1s established. On completion of TBF for the next
packet, the RS-DRX cycles start again.

In one example, a short wait timer (e.g., smaller value of
non-DRX Timer) may be defined, such that the short wait
timer starts after the TBF 1s established for the UL trans-
mission or the DL reception. After the short wait timer
expires, the computing device can start the periodic RS-
DRX cycles. In other words, after the expiry of the short
wait timer, the computing device can start the short RS-DRX
cycles, which are then followed by the long RS-DRX cycles.

As shown 1 FIG. 2, if short RS-DRX cycles are config-
ured, the computing device can start the short RS-DRX
cycles based on the number of configured short RS-DRX
cycles (as indicated 1n the parameter sent from the BSS to
the computing device). After the short RS-DRX cycles, the
computing device can start the long RS-DRX cycles. Each
RS-DRX cycle (1.e., either the short RS-DRX cycle or the
long RS-DRX cycle) starts with a RS-DRX ON duration
followed by a sleep duration. The sleep duration can be
referred to as RS-DRX Short Sleep or RS-DRX Long Sleep.
During the RS-DRX ON duration, the computing device can
monitor all DL. PCCCHs to check for possible DL assign-
ment messages from the base station. The RS-DRX ON
duration can be relatively small 1n duration as compared to
the legacy non-DRX timer in order to minimize the com-
puting device’s awake period, thereby saving device power.
In order words, since the computing device 1s fully awake
during the RS-DRX ON duration 1n order to monitor all of
the DL PCCCHs, the duration of these periods may be
minimized 1n order to save device power.

In one example, as shown 1n FIG. 2, if no DL assignment
message 1s received during the RS-DRX ON duration for
DL packet arrival, or if there was no UL packet arrival
during the last RS-DRX Sleep, the computing device goes to
sleep for a duration equal to RS-DRX Sleep. For example,
the computing device can go to sleep in both the short
RS-DRX cycles and the long RS-DRX cycles. During this
sleep period, the computing device does not monitor any
PCCCHs. In addition, during this sleep period, the comput-
ing device can skip other power consuming activities (e.g.,
serving/neighbor cell measurements). On the other hand, 1f
a DL packet arrives while the computing device 1s 1n
RS-DRX Sleep, the network (e.g., BSS) stores/builers the
DL packet and sends a DL assignment message to the
computing device 1n the next RS-DRX ON duration (which
follows the current RS-DRX Sleep). The computing device
can 1dentity the DL assignment message and switch to the
Packet Transfer State (1in the GMM Ready State) in order to
receive the DL packet. I an UL packet arrives while the
computing device 1s 1 RS-DRX Sleep, the computing
device waits to perform a random access process until the

next RS-DRX ON duration (which follows the current
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RS-DRX Sleep). At the next RS-DRX ON duration, the
computing device can switch to the Packet Transter State (in
the GMM Ready State) in order to transmit the UL packet.

FIG. 3 illustrates an example of an alignment between a
ready state discontinuous reception (RS-DRX) and a packet
arrival for a computing device, such as a cellular Internet of
Things (IoT) device. It the packet arrival for the computing
device 1s periodic, then the RS-DRX cycles can be aligned
such that the computing device 1s in a DRX ON state during
or right after the packet arrival. This can be achieved by
configuring the RS-DRX cycle 1n such a way that the packet
arrival period 1s an integer multiple of the RS-DRX cycle.
As shown 1n FIG. 3, when an UL packet arrives for trans-
mission at the computing device, or a DL packet arrives for
reception at the computing device, these events can corre-
spond to the DRX ON durations. Since the packet arrivals
are periodic, these DRX ON durations can be configured to
correspond with the packet receptions/transmissions. The
periods 1n which the packet receptions/transmissions do not
occur can correspond to the DRX sleep times. Therefore, the
computing device can sleep during periods i which no
packet arrivals are expected.

In one example, a RS-DRX Start offset can be defined to
provide the BSS with additional flexibility for controlling
the distribution of RS-DRX ON periods of various comput-
ing devices. After a transport block tlow (TBF) 1s estab-
lished, the computing device can wait for the RS-DRX Start
oflset before entering the RS-DRX cycle. During the RS-
DRX Start offset, the computing device can monitor all DL
PCCCHs.

In one configuration, a computing device (e.g., a CloT
device) can run a signaling and power optimized mecha-
nism, referred to as Ready State Discontinuous Reception
(RS-DRX), in the GMM Ready State in EC-GSM. I the
computing device decides to employ RS-DRX, the comput-
ing device can send a request to the network to be configured
for RS-DRX. The computing device can send the request
during an attach procedure. A base station (e.g., a BSS 1n
EC-GSM) can recerve the request, and in response, the base
station can send a RS-DRX configuration to the computing
device during the attach procedure. More specifically, the
base station can determine the appropriate RS-DRX param-
cters/timers and sends these RS-DRX parameters/timers (as
part of the RS-DRX configuration), such that the computing
device and the base station run the same RS-DRX timers.

In one configuration, the BSS can forward the computing
device’s request to an entity in the core network, such as a
serving GPRS support node (SGSN). The SGSN can set a
READY timer as deactivated for the computing device,
which results in the computing device remaining in the
GMM Ready State with the RS-DRX mechanism running 1n
the GMM Ready state.

In one configuration, the computing device can receive/
read the RS-DRX configuration, and based on the RS-DRX
configuration, the computing device can run the RS-DRX
mechanism 1n the GMM Ready State. As a result, the
computing device remains 1in the GMM Ready State and
does not transition to a GMM Standby State.

In one configuration, the computing device can sleep in
between data receptions/transmissions 1 the GMM Ready
State 1 order to save device power. While the computing
device 1s asleep, the computing device can skip monitoring
the packet common control channels (PCCCHs), or the
computing device can skip monitoring a GSM common
control channel (CCCH) if the PCCCH 1s not configured.
The computing device can periodically wake up for a short
duration to check for any downlink packet arrivals. During
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this short awake period, the computing device can monitor
all DL PCCCHs for possible DL assignment messages. For
example, the base station can bufler a DL packet for the
computing device while the computing device 1s asleep, and
then the base station can send a DL assignment message to

the computing device on a PCCCH 1n the next RS-DRX ON

duration.
In one configuration, the computing device can determine
whether short RS-DRX cycles are configured. In other

words, the computing device can 1dentily the cases 1n which
an ACK/Response 1s desired for UL/DL tratlic. The com-
puting device can run two types of RS-DRX cycles—a short
RS-DRX cycle and a long RS-DRX cycle—when an ACK/
Response 1s desired for UL/DL ftraffic. The computing
device can trigger a mechanism to start a few short RS-DRX
cycles immediately after a data transmaission/reception with-
out waiting for a reception/transmission of an ACK/Re-
sponse. An ACK/Response can be received or transmitted
during an ON duration of these short RS-DRX cycles, which
can ensure a reception or transmission of the ACK/Response
1s with reduced latency. In addition, this can minimize
device power consumption for the ACK/Response reception
or transmission. The computing device can i1dentily when
the short RS-DRX cycles end, and then the computing
device can start long RS-DRX cycles.

In one configuration, the computing device can identily
whether transmitted or received traflic 1s a data packet or an
ACK/Response. If an ACK 1s received for an UL packet or
a Response/ACK 1s transmitted for a DL packet during the
DRX ON duration, the computing device does not terminate
the RS-DRX cycle. Rather, the computing device will con-
tinue/maintain the DRX timers. On the other hand, if a
reception or transmission of a data packet occurs during the
DRX ON Duration, the computing device terminates the
RS-DRX cycles. The computing device makes this difler-
entiation between data packets and ACKs/Responses so that
the computing device spends a maximum amount of time in
a RS-DRX sleep mode, thereby increasing the amount of
device power savings.

In one configuration, the base station (e.g., a BSS 1n
EC-GSM) can direct a particular computing device to
employ RS-DRX. In other words, rather than the computing
device requesting a RS-DRX configuration from the base
station, the base station can instruct the computing device to
employ RS-DRX. The base station can transmit a RS-DRX
configuration to the computing device 1n a radio resource
control (RRC) message, for example, during an attach
procedure.

In one configuration, the base station can transmit the
RS-DRX configuration to a group of computing devices 1n
system 1nformation messages.

In one configuration, the computing device (or group of
computing devices) can receive/read the RS-DRX configu-
ration, and based on the RS-DRX configuration, the com-
puting device can run the RS-DRX mechanism in the GMM
Ready State. As a result, the computing device remains 1n
the GMM Ready State and does not transition to a GMM
Standby State.

In one configuration, the base station can notily an entity
in the core network, such as a serving GPRS support node
(SGSN), that the base station has configured the computing
device for RS-DRX. Theretfore, the SGSN can seta READY
timer as deactivated for the computing device, which results
in the computing device remaining 1n the GMM Ready State

with the RS-DRX mechanism running in the GMM Ready
state.
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In one configuration, the base station can determine
whether the computing device desires an ACK/Response for
UL/DL trafic. If an ACK/Response 1s desired for UL/DL
trailic, the network can configure two types of RS-DRX
Cycles—a short RS-DRX cycle and a long RS-DRX cycle—
and sends these two types of RS-DRX Cycles to the com-
puting device.

In one configuration, the base station can send an ACK to
the computing device, or the base station can receive a
response during the ON duration of the short RS-DRX
cycles.

In one configuration, the base station can identily whether
transmitted/received traflic to/from the computing device 1s
a data packet or an ACK/Response. IT an ACK sent to the
computing device for an UL packet or a Response/ACK 1s
received for a DL packet during the DRX ON duration, the
base station can continue/maintain the ongoing DRX timers
for the computing device. In other words, the base station
does not assume that the DRX cycles for the computing
device have been terminated. On the other hand, if a
reception or transmission of a data packet from/to the
computing device occurs during the DRX ON Duration, the
base station can mark that the RS-DRX cycles are termi-
nated for the computing device. Therefore, the base station
can permit two separate behaviors at the computing device
depending on whether the reception or transmission relates
to a data packet or an ACK/Response.

Another example provides functionality 400 of a mobile
station (MS) configured for cellular Internet of Things
(CloT), as shown 1n the flow chart in FIG. 4. The function-
ality can be implemented as a method or the functionality
can be executed as instructions on a machine, where the
istructions are included on at least one computer readable
medium or one non-transitory machine readable storage
medium. The UE can comprise one or more processors and
memory configured to: receive, at the MS, a ready state
discontinuous reception (RS-DRX) configuration message
from a base station, wherein the RS-DRX configuration
message mcludes one or more RS-DRX parameters, as in
block 410. The UE can comprise one or more processors and
memory configured to: iitiate, at the MS, RS-DRX based
on the one or more RS-DRX parameters included in the
RS-DRX configuration message, wherein RS-DRX enables
the MS to be 1n a packet i1dle state of a ready state 1n between
data communications by the MS with the base station,
wherein the MS 1s configured to periodically switch from a
defined sleep duration to a defined ON duration during the
packet 1dle state of the ready state and check for downlink
or uplink packet arrivals, as 1n block 420.

Another example provides functionality 500 of a base
station operable to configure a cellular Internet of Things
(CloT) device for ready state discontinuous reception (RS-
DRX), as shown 1n the flow chart 1n FIG. 5. The function-
ality can be implemented as a method or the functionality
can be executed as instructions on a machine, where the
instructions are included on at least one computer readable
medium or one non-transitory machine readable storage
medium. The base station can comprise one or more pro-
cessors and memory configured to: select a CloT device to
configure for RS-DRX, as in block 510. The base station can
comprise one or more processors and memory configured to:
identify one or more RS-DRX parameters for the CloT
device, as 1 block 520. The base station can comprise one
or more processors and memory configured to: transmit, to
the CloT device, a RS-DRX configuration message that
includes the one or more RS-DRX parameters i order to
configure the CloT device for RS-DRX, wherein RS-DRX
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cnables the CloT device to be 1n a packet 1dle state of a ready
state 1n between data communications by the CloT with the
base station, wherein RS-DRX enables the CloT device to
periodically switch from a defined sleep duration to a
defined ON duration during the packet idle state of the ready
state and check for downlink or uplink packet arrivals, as 1n
block 530.

Another example provides at least one machine readable
storage medium having instructions 600 embodied thereon
for performing ready state discontinuous reception (RS-
DRX) at a cellular Internet of Things (CloT) device, as
shown 1n the flow chart in FIG. 6. The instructions can be
executed on a machine, where the instructions are included
on at least one computer readable medium or one non-
transitory machine readable storage medium. The instruc-
tions when executed perform the following: receiving, using
at least one processor of the CloT device, a ready state
discontinuous reception (RS-DRX) configuration message
from a base station, wherein the RS-DRX configuration
message includes one or more RS-DRX parameters, as in
block 610. The instructions when executed perform the
following: mitiating, using the at least one processor of the
CloT device, RS-DRX based on the one or more RS-DRX
parameters mcluded 1n the RS-DRX configuration message,
wherein RS-DRX enables the CloT device to be 1n a packet
idle state of a ready state 1n between data communications
by the CloT device with the base station, wherein the packet
idle state includes a selected number of short RS-DRX
cycles and one or more long RS-DRX cycles, wherein the
CloT device 1s configured to receive an acknowledgement
(ACK) from the base station or transmit an ACK or response
to the base station during a defined ON duration 1n one of the
selected number of short RS-DRX cycles in the packet idle
state of the ready state, as in block 620.

Another example provides at least one machine readable
storage medium having instructions 700 embodied thereon
for configuring mobile stations (MS) for ready state discon-
tinuous reception (RS-DRX) at a base station, as shown in
the tflow chart 1n FIG. 7. The mstructions can be executed on
a machine, where the instructions are included on at least
one computer readable medium or one non-transitory
machine readable storage medium. The instructions when
executed perform the following: selecting, using at least one
processor of the base station, a MS to configure for RS-
DRX, wherein RS-DRX enables the MS to be 1n a packet
idle state of a ready state 1n between data communications
by the MS with the base station, as 1n block 710. The
instructions when executed perform the following: i1denti-
tying, using the at least one processor of the base station, one
or more RS-DRX parameters for the MS, wherein the
RS-DRX parameters include a selected number of short
RS-DRX cycles and long RS-DRX cycles, as i block 720.
The 1nstructions when executed perform the following:
transmitting, using the at least one processor of the base
station, a RS-DRX configuration message to the MS that
includes the one or more RS-DRX parameters in order to
configure the MS for RS-DRX, wherein the MS 1s config-
ured to run RS-DRX 1n accordance with the one or more
RS-DRX parameters, wherein the MS 1s configured to
receive an acknowledgement (ACK) from the base station or
transmit an ACK or response to the base station during a
defined ON duration in one of the selected number of short
RS-DRX cycles 1n the packet 1dle state of the ready state, as
in block 730.

FIG. 8 provides an example 1llustration of a user equip-
ment (UE) device 800, such as a wireless device, a mobile
station (MS), a mobile wireless device, a mobile commu-
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nication device, a tablet, a handset, or other type of wireless
device. The UE device 800 can include one or more antennas

configured to communicate with a node or transmission

station, such as a base station (BS), an evolved Node B
(eNB), a baseband unit (BBU), a remote radio head (RRH),

a remote radio equipment (RRE), a relay station (RS), a
radio equipment (RE), a remote radio unit (RRU), a central
processing module (CPM), or other type of wireless wide
area network (WWAN) access point. The UE device 800 can

be configured to communicate using at least one wireless
communication standard including 3GPP LTE, WiMAX,

High Speed Packet Access (HSPA), Bluetooth, and WiFi.

The UE device 800 can communicate using separate anten-
nas for each wireless communication standard or shared

antennas for multiple wireless communication standards.
The UE device 800 can communicate 1n a wireless local area
network (WLAN), a wireless personal area network

(WPAN), and/or a WWAN.

In some embodiments, the UE device 800 may include
application circuitry 802, baseband circuitry 804, Radio
Frequency (RF) circuitry 806, front-end module (FEM)
circuitry 808 and one or more antennas 810, coupled
together at least as shown.

The application circuitry 802 may include one or more
application processors. For example, the application cir-
cuitry 802 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors. The pro-
cessor(s) may include any combination of general-purpose
processors and dedicated processors (e.g., graphics proces-
sors, application processors, etc.). The processors may be
coupled with and/or may 1nclude a storage medium 812 and
may be configured to execute instructions stored in the
storage medium 812 to enable various applications and/or
operating systems to run on the system.

The baseband circuitry 804 may include circuitry such as,
but not limited to, one or more single-core or multi-core
processors. The baseband circuitry 804 may include one or
more baseband processors and/or control logic to process
baseband signals received from a receive signal path of the
RF circuitry 806 and to generate baseband signals for a
transmit signal path of the RF circuitry 806. Baseband
processing circuitry 804 may intertace with the application
circuitry 802 for generation and processing of the baseband
signals and for controlling operations of the RF circuitry
806. For example, in some embodiments, the baseband
circuitry 804 may include a second generation (2G) base-
band processor 804a, third generation (3G) baseband pro-
cessor 804bH, fourth generation (4G) baseband processor
804¢, and/or other baseband processor(s) 8044 for other
existing generations, generations in development or to be
developed 1n the future (e.g., fifth generation (5G), 6G, etc.).
The baseband circuitry 804 (e.g., one or more of baseband
processors 804a-d) may handle various radio control func-
tions that enable communication with one or more radio
networks via the RF circuitry 806. The radio control func-
tions may 1nclude, but are not limited to, signal modulation/
demodulation, encoding/decoding, radio frequency shifting,
etc. In some embodiments, modulation/demodulation cir-
cuitry of the baseband circuitry 804 may include Fast-
Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments,
encoding/decoding circuitry of the baseband circuitry 804
may include convolution, tail-biting convolution, turbo,
Viterbi, and/or Low Density Parity Check (LDPC) encoder/
decoder {functionality. Embodiments of modulation/de-
modulation and encoder/decoder functionality are not lim-

10

15

20

25

30

35

40

45

50

55

60

65

16

ited to these examples and may include other suitable
functionality 1n other embodiments.

In some embodiments, the baseband circuitry 804 may
include elements of a protocol stack such as, for example,
clements of an evolved umiversal terrestrial radio access
network (EUTRAN) protocol including, for example, physi-
cal (PHY), media access control (MAC), radio link control
(RLC), packet data convergence protocol (PDCP), and/or
radio resource control (RRC) elements. A central processing
umt (CPU) 804e of the baseband circuitry 804 may be
configured to run elements of the protocol stack for signal-
ing of the PHY, MAC, RLC, PDCP and/or RRC layers. In
some embodiments, the baseband circuitry may include one
or more audio digital signal processor(s) (DSP) 804f. The
audio DSP(s) 104/ may be include elements for compres-
s1ion/decompression and echo cancellation and may include
other suitable processing elements 1n other embodiments.
Components of the baseband circuitry may be suitably
combined 1n a single chip, a single chipset, or disposed on
a same circuit board in some embodiments. In some embodi-
ments, some or all of the constituent components of the
baseband circuitry 804 and the application circuitry 802 may
be implemented together such as, for example, on a system
on a chip (SOC).

In some embodiments, the baseband circuitry 804 may
provide for communication compatible with one or more
radio technologies. For example, in some embodiments, the
baseband circuitry 804 may support communication with an
evolved umiversal terrestrial radio access network (EU-
TRAN) and/or other wireless metropolitan area networks
(WMAN), a wireless local area network (WLAN), a wire-
less personal area network (WPAN). Embodiments 1n which
the baseband circuitry 804 i1s configured to support radio
communications of more than one wireless protocol may be
referred to as multi-mode baseband circuitry.

The RF circuitry 806 may enable communication with
wireless networks using modulated electromagnetic radia-
tion through a non-solid medium. In various embodiments,
the RF circuitry 806 may include switches, filters, amplifi-
ers, etc. to facilitate the communication with the wireless
network. RF circuitry 806 may include a receive signal path
which may include circuitry to down-convert RF signals
received from the FEM circuitry 808 and provide baseband
signals to the baseband circuitry 804. RF circuitry 806 may
also include a transmit signal path which may include
circuitry to up-convert baseband signals provided by the
baseband circuitry 804 and provide RF output signals to the
FEM circuitry 808 for transmission.

In some embodiments, the RF circuitry 806 may include
a recerve signal path and a transmit signal path. The receive
signal path of the RF circuitry 806 may include mixer
circuitry 806a, amplifier circuitry 80656 and filter circuitry
806¢. The transmit signal path of the RF circuitry 806 may
include filter circuitry 806c and mixer circuitry 806a. RF
circuitry 806 may also include synthesizer circuitry 8064 for
synthesizing a frequency for use by the mixer circuitry 8064
of the recerve signal path and the transmit signal path. In
some embodiments, the mixer circuitry 806a of the receive
signal path may be configured to down-convert RF signals
received from the FEM circuitry 808 based on the synthe-
s1zed frequency provided by synthesizer circuitry 8064d. The
amplifier circuitry 80656 may be configured to amplily the
down-converted signals and the filter circuitry 806¢ may be
a low-pass filter (LPF) or band-pass filter (BPF) configured
to remove unwanted signals from the down-converted sig-
nals to generate output baseband signals. Output baseband
signals may be provided to the baseband circuitry 804 for
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turther processing. In some embodiments, the output base-
band signals may be zero-frequency baseband signals,
although this 1s not a requirement. In some embodiments,
mixer circuitry 806a of the receive signal path may comprise
passive mixers, although the scope of the embodiments 1s
not limited in this respect.

In some embodiments, the mixer circuitry 806a of the
transmit signal path may be configured to up-convert input
baseband signals based on the synthesized frequency pro-
vided by the synthesizer circuitry 8064 to generate RF
output signals for the FEM circuitry 808. The baseband
signals may be provided by the baseband circuitry 804 and
may be filtered by filter circuitry 806c¢. The filter circuitry
806¢ may include a low-pass filter (LPF), although the scope
of the embodiments i1s not limited 1n this respect.

In some embodiments, the mixer circuitry 806a of the
receive signal path and the mixer circuitry 806a of the
transmit signal path may include two or more mixers and
may be arranged for quadrature down-conversion and/or
up-conversion respectively. In some embodiments, the
mixer circuitry 8064 of the receive signal path and the mixer
circuitry 8064 of the transmit signal path may include two or
more mixers and may be arranged for image rejection (e.g.,
Hartley image rejection). In some embodiments, the mixer
circuitry 806a of the receive signal path and the mixer
circuitry 806a may be arranged for direct down-conversion
and/or direct up-conversion, respectively. In some embodi-
ments, the mixer circuitry 806a of the receive signal path
and the mixer circuitry 8064 of the transmit signal path may
be configured for super-heterodyne operation.

In some embodiments, the output baseband signals and
the input baseband signals may be analog baseband signals,
although the scope of the embodiments 1s not limited 1n this
respect. In some alternate embodiments, the output baseband
signals and the input baseband signals may be digital
baseband signals. In these alternate embodiments, the RF
circuitry 806 may include analog-to-digital converter (ADC)
and digital-to-analog converter (DAC) circuitry and the
baseband circuitry 804 may include a digital baseband
interface to communicate with the RF circuitry 806.

In some dual-mode embodiments, a separate radio IC
circuitry may be provided for processing signals for each
spectrum, although the scope of the embodiments 1s not
limited 1n this respect.

In some embodiments, the synthesizer circuitry 8064 may
be a fractional-N synthesizer or a fractional N/N+1 synthe-
sizer, although the scope of the embodiments 1s not limited
in this respect as other types of frequency synthesizers may
be suitable. For example, synthesizer circuitry 8064 may be
a delta-sigma synthesizer, a frequency multiplier, or a syn-
thesizer comprising a phase-locked loop with a frequency
divider.

The synthesizer circuitry 8064 may be configured to
synthesize an output frequency for use by the mixer circuitry
8064 of the RF circuitry 806 based on a frequency input and
a divider control mput. In some embodiments, the synthe-
sizer circuitry 8064 may be a fractional N/N+1 synthesizer.

In some embodiments, frequency input may be provided
by a voltage controlled oscillator (VCO), although that 1s not
a requirement. Divider control input may be provided by
cither the baseband circuitry 804 or the applications proces-
sor 802 depending on the desired output frequency. In some
embodiments, a divider control mput (e.g., N) may be
determined from a look-up table based on a channel indi-
cated by the applications processor 802.

Synthesizer circuitry 8064 of the RF circuitry 806 may
include a divider, a delay-locked loop (DLL), a multiplexer
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and a phase accumulator. In some embodiments, the divider
may be a dual modulus divider (DMD) and the phase
accumulator may be a digital phase accumulator (DPA). In
some embodiments, the DMD may be configured to divide
the input signal by either N or N+1 (e.g., based on a carry
out) to provide a fractional division ratio. In some example
embodiments, the DLL may include a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and
a D-type thp-flop. In these embodiments, the delay elements
may be configured to break a VCO period up into Nd equal
packets of phase, where Nd 1s the number of delay elements
in the delay line. In thus way, the DLL provides negative
teedback to help ensure that the total delay through the delay
line 1s one VCO cycle.

In some embodiments, synthesizer circuitry 8064 may be

configured to generate a carrier frequency as the output
frequency, while 1 other embodiments, the output fre-
quency may be a multiple of the carrier frequency (e.g.,
twice the carrier frequency, four times the carrier frequency)
and used in conjunction with quadrature generator and
divider circuitry to generate multiple signals at the carrier
frequency with multiple different phases with respect to each
other. In some embodiments, the output frequency may be a
LO frequency (1LO). In some embodiments, the RF circuitry
806 may include an IQ)/polar converter.
FEM circuitry 808 may include a receive signal path
which may include circuitry configured to operate on RF
signals received from one or more antennas 810, amplify the
received signals and provide the amplified versions of the
received signals to the RF circuitry 806 for further process-
ing. FEM circuitry 808 may also include a transmait signal
path which may include circuitry configured to amplify
signals for transmaission provided by the RF circuitry 806 for
transmission by one or more of the one or more antennas
810.

In some embodiments, the FEM circuitry 808 may
include a TX/RX switch to switch between transmit mode
and receive mode operation. The FEM circuitry may include
a recerve signal path and a transmit signal path. The receive
signal path of the FEM circuitry may include a low-noise
amplifier (LNA) to amplity received RF signals and provide
the amplified recetved RF signals as an output (e.g., to the
RFE circuitry 806). The transmit signal path of the FEM
circuitry 808 may include a power amplifier (PA) to amplity
iput RF signals (e.g., provided by RF circuitry 806), and
one or more lilters to generate RF signals for subsequent
transmission (e.g., by one or more of the one or more
antennas 810.

FIG. 9 provides an example illustration of the wireless
device, such as a user equipment (UE), a mobile station
(\/IS) a mobile wireless device, a mobile communication
device, a tablet, a handset, or other type of wireless device.
The wireless device can include one or more antennas
configured to communicate with a node, macro node, low
power node (LPN), or, transmission station, such as a base
station (BS), an evolved Node B (eNB), a baseband pro-
cessing unit (BBU), a remote radio head (RRH), a remote
radio equipment (RRE), a relay station (RS), a radio equip-
ment (RE), or other type of wireless wide area network
(WWAN) access point. The wireless device can be config-
ured to communicate using at least one wireless communi-
cation standard such as, but not limited to, 3GPP LTE,
WiIMAX, High Speed Packet Access (HSPA) Bluetooth
and WiF1. The wireless device can communicate using
separate antennas for each wireless communication standard
or shared antennas for multiple wireless communication
standards. The wireless device can communicate in a wire-




US 10,631,359 B2

19

less local area network (WLAN), a wireless personal area
network (WPAN), and/or a WWAN. The wireless device can

also comprise a wireless modem. The wireless modem can
comprise, for example, a wireless radio transceiver and
baseband circuitry (e.g., a baseband processor). The wireless
modem can, 1 one example, modulate signals that the
wireless device transmits via the one or more antennas and
demodulate signals that the wireless device receives via the
one or more antennas.

FIG. 9 also provides an 1llustration of a microphone and
one or more speakers that can be used for audio mput and
output from the wireless device. The display screen can be
a liqud crystal display (LCD) screen, or other type of
display screen such as an organic light emitting diode
(OLED) display. The display screen can be configured as a
touch screen. The touch screen can use capacitive, resistive,
or another type of touch screen technology. An application
processor and a graphics processor can be coupled to
internal memory to provide processing and display capa-
bilities. A non-volatile memory port can also be used to
provide data input/output options to a user. The non-volatile
memory port can also be used to expand the memory
capabilities of the wireless device. A keyboard can be
integrated with the wireless device or wirelessly connected
to the wireless device to provide additional user imnput. A
virtual keyboard can also be provided using the touch
screen.

EXAMPLES

The following examples pertain to specific technology
embodiments and point out specific features, elements, or
steps that can be used or otherwise combined 1n achieving
such embodiments.

Example 1 includes an apparatus of a mobile station (MS)
configured for cellular Internet of Things (CloT), the appa-
ratus comprising one or more processors and memory con-
figured to: recerve, at the MS, a ready state discontinuous
reception (RS-DRX) configuration message from a base
station, wherein the RS-DRX configuration message
includes one or more RS-DRX parameters; and initiate, at
the MS, RS-DRX based on the one or more RS-DRX
parameters included in the RS-DRX configuration message,
wherein RS-DRX enables the MS to be 1n a packet idle state
of a ready state 1n between data communications by the MS
with the base station, wherein the MS 1s configured to
periodically switch from a defined sleep duration to a
defined ON duration during the packet 1dle state of the ready
state and check for downlink or uplink packet arrivals.

Example 2 includes the apparatus of Example 1, further
configured to: monitor a downlink packet common control
channel (PCCCH) during the defined ON duration.

Example 3 includes the apparatus of any of Examples 1-2,
turther configured to: receive a downlink assignment mes-
sage on the PCCCH from the base station during the defined
ON duration when an icoming downlink packet arrives at
the base station for the MS; and transition from the packet
idle state of the ready state to a packet transier state of the
ready state and receive the downlink packet from the base
station.

Example 4 includes the apparatus of any of Examples 1-3,
turther configured to establish a transport block flow (TBF)
during the packet transfer state of the ready state for an
allocation of resources to receive the downlink packet from
the base station over an air interface.

Example 5 includes the apparatus of any of Examples 1-4,
turther configured to: start, at the MS, a wait timer after
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reception of the downlink packet from the base station,
wherein the wait timer includes a value of zero; and tran-
sition from the packet transfer state of the ready state back
to the packet 1dle state of the ready state upon expiry of the
wait timer.

Example 6 includes the apparatus of any of Examples 1-3,
turther configured to: 1dentity, at the MS, an uplink packet
during the defined ON duration that 1s ready for transmis-
sion; and transition from the packet idle state of the ready
state to a packet transfer state of the ready state and transmit
the uplink packet to the base station.

Example 7 includes the apparatus of any of Examples 1-6,
wherein the packet 1dle state includes one or more RS-DRX
cycles, wherein the RS-DRX cycles include one or more
long RS-DRX cycles, wherein each long RS-DRX cycle
includes a defined ON duration and a defined sleep duration.

Example 8 includes the apparatus of any of Examples 1-7,
further configured to receive the RS-DRX configuration
message Irom the base station in response to sending a
request for a RS-DRX configuration to the base station.

Example 9 includes the apparatus of any of Examples 1-8,
wherein the downlink and uplink packets are logical link
control (LLC) packet data units (PDUSs).

Example 10 includes the apparatus of any of Examples
1-9, wherein the MS continually remains 1n the ready state
by deactivating a READY timer and the MS does not
transition to a standby state.

Example 11 includes the apparatus of any of Examples
1-10, wherein the MS 1s configured to receive the RS-DRX
configuration message that includes the one or more RS-
DRX parameters from the base station during an attach
procedure, wherein the one or more RS-DRX parameters
includes at least one of: an RS-DRX ON duration parameter
and a long RS-DRX cycle parameter.

Example 12 includes the apparatus of any of Examples
1-11, wherein the MS 1s configured to operate 1n a Global
System for Mobile Commumnications (GSM) Enhanced Data
rates for GSM Evolution (EDGE) Radio Access Network
(GERAN).

Example 13 includes the apparatus of any of Examples
1-12, wherein the relay MS includes at least one of an
antenna, a touch sensitive display screen, a speaker, a
microphone, a graphics processor, an application processor,
a baseband processor, an internal memory, a non-volatile
memory port, and combinations thereof.

Example 14 includes an apparatus of a base station
operable to configure a cellular Internet of Things (CloT)
device for ready state discontinuous reception (RS-DRX),
the apparatus comprising one or more processors and
memory configured to: select a Clo'T device to configure for
RS-DRX; identity one or more RS-DRX parameters for the
CloT device; and transmait, to the CloT device, a RS-DRX
configuration message that includes the one or more RS-
DRX parameters in order to configure the CloT device for
RS-DRX, wherein RS-DRX enables the CloT device to be
in a packet idle state of a ready state 1n between data
communications by the CloT with the base station, wherein
RS-DRX enables the CloT device to periodically switch
from a defined sleep duration to a defined ON duration
during the packet idle state of the ready state and check for
downlink or uplink packet arrivals.

Example 15 includes the apparatus of Example 14, further
configured to: store a downlink packet for the CloT device
at a bufler of the base station; send, to the CloT device, a
downlink assignment message on a downlink packet com-
mon control channel (PCCCH) during the defined ON

duration, wherein the CloT device 1s configured to transition
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from the packet idle state of the ready state to a packet
transier state of the ready state after receiving a downlink
assignment message 1n order to receive the downlink packet
from the base station.

Example 16 includes the apparatus of any of Examples >
14-15, further configured to: send a notification to a serving
general packet radio service (GPRS) support node (SGSN)
aiter configuring the CloT device for RS-DRX.

Example 17 includes the apparatus of any of Examples
14-16, further configured to: transmit the RS-DRX configu-
ration message to the CloT device during an attach proce-
dure.

Example 18 includes the apparatus of any of Examples
14-17, wherein the one or more RS-DRX parameters include
at least one of: an RS-DRX ON duration parameter and a
long RS-DRX cycle parameter.

Example 19 includes at least one machine readable stor-
age medium having instructions embodied thereon for per-
forming ready state discontinuous reception (RS-DRX) at a 3¢
cellular Internet of Things (CloT) device, the instructions
when executed perform the following: receiving, using at
least one processor of the CloT device, a ready state dis-
continuous reception (RS-DRX) configuration message
from a base station, wherein the RS-DRX configuration 25
message includes one or more RS-DRX parameters; and
iitiating, using the at least one processor of the CloT
device, RS-DRX based on the one or more RS-DRX param-
cters included i the RS-DRX configuration message,
wherein RS-DRX enables the CloT device to be 1n a packet 30
idle state of a ready state 1n between data communications
by the CloT device with the base station, wherein the packet
idle state includes a selected number of short RS-DRX
cycles and one or more long RS-DRX cycles, wherein the
CloT device 1s configured to receive an acknowledgement 35
(ACK) from the base station or transmit an ACK or response
to the base station during a defined ON duration 1n one of the
selected number of short RS-DRX cycles in the packet 1dle
state of the ready state.

Example 20 includes the at least one machine readable 40
storage medium of Example 19, further comprising instruc-
tions which when executed by the at least one processor of
the CloT device performs the following: mmitiating the
selected number of short RS-DRX cycles after a data
communication with the base station, wherein the CloT 45
device 1s configured to perform the data communication
with the base station 1n a packet transfer state of the ready
state.

Example 21 includes the at least one machine readable
storage medium of any of Examples 19-20, further com- 50
prising instructions which when executed by the at least one
processor of the CloT device performs the following: niti-
ating the one or more long RS-DRX cycles after the selected
number of short RS-DRX cycles.

Example 22 includes the at least one machine readable 55
storage medium of any of Examples 19-21, wherein the
CloT device 1s configured with the packet i1dle state that
includes the selected number of short RS-DRX cycles when
the CloT device 1s expected to receive the ACK or transmit
the ACK or response after the data communication with the 60
base station.

Example 23 includes the at least one machine readable
storage medium of any of Examples 19-22, wherein recep-
tion of the ACK or transmission of the ACK or response
during the defined ON duration in one of the selected 65
number of short RS-DRX cycles does not terminate a
remaining number of short RS-DRX cycles, wherein the
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CloT device 1nitiates the one or more long RS-DRX cycles
after the selected number of short RS-DRX cycles.

Example 24 includes the at least one machine readable
storage medium of any of Examples 19-23, wherein recep-
tion of a downlink assignment message from the base station
during the defined ON duration in one of the selected
number of short RS-DRX cycles terminates a remaiming
number of short RS-DRX cycles and the CloT device
transitions into a packet transfer state 1n order to receive a
downlink packet from the base station.

Example 25 includes the at least one machine readable
storage medium of any of Examples 19-24, wherein the
CloT device 1s configured to receive the RS-DRX configu-
ration message that includes the one or more RS-DRX
parameters from the base station during an attach procedure,
wherein the one or more RS-DRX parameters include at
least one of: an RS-DRX ON duration parameter, a short
RS-DRX cycle parameter, a long RS-DRX cycle parameter,
or the selected number of short RS-DRX cycles.

Example 26 includes the at least one machine readable
storage medium of any of Examples 19-235, wherein each of
the short RS-DRX cycles and long RS-DRX cycles include
a defined ON duration and a defined sleep duration.

Example 27 includes the at least one machine readable
storage medium of any of Examples 18-26, wherein a
duration of the long RS-DRX cycles are integer multiples of
a duration of the short RS-DRX cycles.

Example 28 includes at least one machine readable stor-
age medium having instructions embodied thereon for con-
figuring mobile stations (MS) for ready state discontinuous
reception (RS-DRX) at a base station, the instructions when
executed perform the following: selecting, using at least one
processor ol the base station, a MS to configure for RS-
DRX, wherein RS-DRX enables the MS to be 1n a packet
idle state of a ready state 1n between data communications
by the MS with the base station; identilying, using the at
least one processor of the base station, one or more RS-DRX
parameters for the MS, wherein the RS-DRX parameters
include a selected number of short RS-DRX cycles and long
RS-DRX cycles; and transmitting, using the at least one
processor ol the base station, a RS-DRX configuration
message to the MS that includes the one or more RS-DRX
parameters 1 order to configure the MS for RS-DRX,
wherein the MS 1s configured to run RS-DRX 1n accordance
with the one or more RS-DRX parameters, wherein the MS
1s configured to receirve an acknowledgement (ACK) from
the base station or transmit an ACK or response to the base
station during a defined ON duration 1n one of the selected
number of short RS-DRX cycles 1n the packet idle state of
the ready state.

Example 29 includes the at least one machine readable
storage medium of Example 28, further comprising instruc-
tions which when executed by the at least one processor of
the base station performs the following: storing a downlink
packet for the MS at a butfler of the base station; and sending,
to the MS, a downlink assignment message during the
defined ON duration in one of the selected number of short
RS-DRX cycles, wherein the MS 1s configured to terminate
a remaining number of short RS-DRX cycles and transition
into a packet transier state 1 order to recerve a downlink
packet from the base station.

Example 30 includes the at least one machine readable
storage medium of any of Examples 28-29, turther com-
prising instructions which when executed by the at least one
processor of the base station performs the following: send-
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ing a noftification to a serving general packet radio service
(GPRS) support node (SGSN) after configuring the MS for

RS-DRX.

Example 31 includes the at least one machine readable
storage medium of any of Examples 28-30, wherein the
selected number of short RS-DRX cycles 1s included 1n the
one or more RS-DRX parameters when the MS 1s expected
to recerve the ACK or transmit the ACK or response after a
data communication with the base station.

Various techniques, or certain aspects or portions thereof,
may take the form of program code (i.e., instructions)
embodied 1n tangible media, such as floppy diskettes, com-
pact disc-read-only memory (CD-ROMs), hard drives, non-
transitory computer readable storage medium, or any other
machine-readable storage medium wherein, when the pro-
gram code 1s loaded 1nto and executed by a machine, such
as a computer, the machine becomes an apparatus for
practicing the various techniques. A non-transitory computer
readable storage medium can be a computer readable storage
medium that does not include signal. In the case of program
code execution on programmable computers, the computing
device may include a processor, a storage medium readable
by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device,
and at least one output device. The volatile and non-volatile
memory and/or storage elements may be a random-access
memory (RAM), erasable programmable read only memory
(EPROM), flash drive, optical drive, magnetic hard drive,
solid state drive, or other medium for storing electronic data.
The node and wireless device may also include a transceiver
module (1.e., transceiver), a counter module (i.e., counter), a
processing module (1.e., processor), and/or a clock module
(1.e., clock) or timer module (1.e., timer). One or more
programs that may implement or utilize the various tech-
niques described herein may use an application program-
ming interface (API), reusable controls, and the like. Such
programs may be implemented 1n a high level procedural or
object oriented programming language to communicate with
a computer system. However, the program(s) may be imple-
mented 1n assembly or machine language, 11 desired. In any
case, the language may be a compiled or interpreted lan-
guage, and combined with hardware implementations.

As used herein, the term “circuitry” may refer to, be part
of, or include an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group), and/or memory (shared, dedicated, or group) that
execute one or more soltware or firmware programs, a
combinational logic circuit, and/or other suitable hardware
components that provide the described functionality. In
some embodiments, the circuitry may be implemented in, or
functions associated with the circuitry may be implemented
by, one or more solftware or firmware modules. In some
embodiments, circuitry may include logic, at least partially
operable 1n hardware.

It should be understood that many of the functional units
described in this specification have been labeled as modules,
in order to more particularly emphasize their implementa-
tion independence. For example, a module may be imple-
mented as a hardware circuit comprising custom very-large-
scale integration (VLSI) circuits or gate arrays, ofl-the-shelf
semiconductors such as logic chips, transistors, or other
discrete components. A module may also be implemented 1n
programmable hardware devices such as field program-
mable gate arrays, programmable array logic, programmable
logic devices or the like.

Modules may also be implemented 1n software for execu-
tion by various types of processors. An 1dentified module of
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executable code may, for instance, comprise one or more
physical or logical blocks of computer instructions, which
may, for instance, be organized as an object, procedure, or
function. Nevertheless, the executables of an i1dentified
module may not be physically located together, but may
comprise disparate instructions stored 1n different locations
which, when joined logically together, comprise the module
and achieve the stated purpose for the module.

Indeed, a module of executable code may be a single
instruction, or many instructions, and may even be distrib-
uted over several diflerent code segments, among different
programs, and across several memory devices. Similarly,
operational data may be 1dentified and illustrated herein
within modules, and may be embodied 1n any suitable form
and organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over differ-
ent storage devices, and may exist, at least partially, merely
as electronic signals on a system or network. The modules
may be passive or active, including agents operable to
perform desired functions.

Reference throughout this specification to “an example”
or “exemplary” means that a particular feature, structure, or
characteristic described 1n connection with the example 1s
included 1n at least one embodiment of the present technol-
ogy. Thus, appearances of the phrases “in an example™ or the
word “exemplary” in various places throughout this speci-
fication are not necessarily all referring to the same embodi-
ment.

As used herein, a plurality of items, structural elements,
compositional elements, and/or materials may be presented
in a common list for convenience. However, these lists
should be construed as though each member of the list 1s
individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation 1 a common group
without indications to the contrary. In addition, various
embodiments and example of the present technology may be
referred to herein along with alternatives for the various
components thereof. It 1s understood that such embodiments,
examples, and alternatives are not to be construed as defacto
equivalents of one another, but are to be considered as
separate and autonomous representations ol the present
technology.

Furthermore, the described features, structures, or char-
acteristics may be combined in any suitable manner 1n one
or more embodiments. In the following description, numer-
ous specific details are provided, such as examples of
layouts, distances, network examples, etc., to provide a
thorough understanding of embodiments of the technology.
One skilled in the relevant art will recognize, however, that
the technology can be practiced without one or more of the
specific details, or with other methods, components, layouts,
etc. In other instances, well-known structures, materials, or
operations are not shown or described i detail to avoid
obscuring aspects of the technology.

While the forgoing examples are illustrative of the prin-
ciples of the present technology in one or more particular
applications, it will be apparent to those of ordinary skill 1n
the art that numerous modifications in form, usage and
details of implementation can be made without the exercise
of mventive faculty, and without departing from the prin-
ciples and concepts of the technology. Accordingly, 1t 1s not
intended that the technology be limited, except as by the
claims set forth below.

.
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What 1s claimed 1s:

1. An apparatus of a mobile station (MS) configured for
cellular Internet of Things (CloT), the apparatus comprising
one or more processors and memory configured to:

receive, at the MS, a ready state discontinuous reception

(RS-DRX) configuration message from a base station,
wherein the RS-DRX configuration message mcludes
one or more RS-DRX parameters;
initiate, at the MS, RS-DRX based on the one or more
RS-DRX parameters included 1n the RS-DRX configu-
ration message, wherein RS-DRX enables the MS to be
in a packet 1dle state of a ready state 1n between CloT
data communications by the MS with the base station,

wherein the MS 1s configured to periodically switch from
a defined sleep duration to a defined ON duration
during the packet idle state of the ready state and check
for downlink or uplink packet arrivals; and

receive a downlink assignment message on a downlink

packet common control channel (PCCCH) from the
base station during the defined ON duration during the
packet i1dle state of the ready state when an incoming
downlink packet arrives at the base station for the MS.

2. The apparatus of claim 1, further configured to monitor
a downlink packet common control channel (PCCCH) dur-
ing the defined ON duration.

3. The apparatus of claim 1, further configured to:

transition from the packet idle state of the ready state to

a packet transfer state of the ready state and receive the
downlink packet from the base station.

4. The apparatus of claim 3, further configured to establish
a transport block tlow (TBF) during the packet transfer state
of the ready state for an allocation of resources to receive the
downlink packet from the base station over an air interface.

5. The apparatus of claim 3, further configured to:

start, at the MS, a wait timer after reception of the

downlink packet from the base station, wherein the
wait timer 1ncludes a value of zero; and

transition from the packet transfer state of the ready state

back to the packet 1dle state of the ready state upon
expiry of the wait timer.

6. The apparatus of claim 1, further configured to:

identify, at the MS, an uplink packet during the defined

ON duration that 1s ready for transmission; and
transition from the packet 1dle state of the ready state to
a packet transfer state of the ready state and transmit the

uplink packet to the base station.

7. The apparatus of claim 1, wherein the packet idle state
includes one or more RS-DRX cycles, wherein the RS-DRX
cycles include one or more long RS-DRX cycles, wherein
cach long RS-DRX cycle includes a defined ON duration
and a defined sleep duration.

8. The apparatus of claim 1, further configured to receive
the RS-DRX configuration message from the base station in
response to sending a request for a RS-DRX configuration to
the base station.

9. The apparatus of claim 1, wherein the downlink or
uplink packet arrivals are logical link control (LLC) packet
data unmits (PDUs).

10. The apparatus of claim 1, wherein the MS continually
remains in the ready state by deactivating a READY timer
and the MS does not transition to a standby state.

11. The apparatus of claim 1, wherein the MS 1s config-
ured to recerve the RS-DRX configuration message that
includes the one or more RS-DRX parameters from the base
station during an attach procedure, wherein the one or more
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RS-DRX parameters includes at least one of: an RS-DRX
ON duration parameter and a long RS-DRX cycle param-
eter.

12. The apparatus of claim 1, wherein the MS 1s config-
ured to operate 1 a Global System for Mobile Communi-
cations (GSM) Enhanced Data rates for GSM Evolution
(EDGE) Radio Access Network (GERAN).

13. The apparatus of claim 1, wherein the MS includes at
least one of an antenna, a touch sensitive display screen, a
speaker, a microphone, a graphics processor, an application
processor, a baseband processor, an internal memory, a
non-volatile memory port, and combinations thereof.

14. An apparatus of a base station operable to configure a
cellular Internet of Things (CloT) device for ready state
discontinuous reception (RS-DRX), the apparatus compris-
Ing one or more processors and memory configured to:

select a CloT device to configure for RS-DRX;
identily one or more RS-DRX parameters for the CloT
device, the one or more RS-DRX parameters including
a selected number of short RS-DRX cycles and long
RS-DRX cycles;

transmit, to the CloT device, a RS-DRX configuration
message that includes the one or more RS-DRX param-
cters 1n order to configure the CloT device for RS-
DRX, wherein RS-DRX enables the CloT device to be
in a packet 1dle state of a ready state in between data
communications by the CloT device with the base
station, wherein RS-DRX enables the CloT device to
periodically switch from a defined sleep duration to a
defined ON duration during the packet idle state of the
ready state and check for downlink or uplink packet
arrivals; and

send, to the CloT device, a downlink assignment message

on a downlink packet common control channel (PC-
CCH) during the defined ON duration during the packet
idle state of the ready state.

15. The apparatus of claim 14, further configured to:

store a downlink packet for the CloT device at a bufler of

the base station,

wherein the CloT device 1s configured to transition from

the packet idle state of the ready state to a packet
transier state of the ready state after receiving the
downlink assignment message in order to receive the
downlink packet from the base station.

16. The apparatus of claim 14, further configured to: send

a nofification to a serving general packet radio service
(GPRS) support node (SGSN) after configuring the CloT

device for RS-DRX.

17. The apparatus of claim 14, further configured to:
transmit the RS-DRX configuration message to the CloT
device during an attach procedure.

18. The apparatus of claim 14, wherein the one or more
RS-DRX parameters include at least one of: an RS-DRX ON
duration parameter and a long RS-DRX cycle parameter.

19. At least one non-transitory machine readable storage
medium having instructions embodied thereon for perform-
ing ready state discontinuous reception (RS-DRX) at a
cellular Internet of Things (CloT) device, the instructions
when executed perform the following:

recerving, using at least one processor of the CloT device,

a ready state discontinuous reception (RS-DRX) con-
figuration message from a base station, wherein the
RS-DRX configuration message includes one or more
RS-DRX parameters;
imitiating, using the at least one processor of the CloT

device, RS-DRX based on the one or more RS-DRX

parameters included in the RS-DRX configuration mes-
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sage, wherein RS-DRX enables the CloT device to be
in a packet 1dle state of a ready state in between data
communications by the CloT device with the base
station, wherein the packet i1dle state includes a selected
number of short RS-DRX cycles and one or more long
RS-DRX cycles,

wherein the CloT device 1s configured to receive an
acknowledgement (ACK) from the base station or
transmit an ACK or response to the base station during
a defined ON duration in one of the selected number of
short RS-DRX cycles 1n the packet idle state of the
ready state, and

receive a downlink assignment message on a downlink

packet common control channel (PCCCH) from the
base station during the defined ON duration during the
packet 1dle state of the ready state when an imncoming
downlink packet arrives at the base station for the CloT
device.

20. The at least one non-transitory machine readable
storage medium of claim 19, further comprising instructions
which when executed by the at least one processor of the
CloT device performs the following: initiating the selected
number of short RS-DRX cycles after a data communication
with the base station, wherein the CloT device 1s configured
to perform the data communication with the base station in
a packet transier state of the ready state.

21. The at least one non-transitory machine readable
storage medium of claim 20, further comprising instructions
which when executed by the at least one processor of the
CloT device performs the following: initiating the one or
more long RS-DRX cycles after the selected number of short
RS-DRX cycles.

22. The at least one non-transitory machine readable
storage medium of claim 20, wherein the CloT device 1s
configured with the packet idle state that includes the
selected number of short RS-DRX cycles when the CloT
device 1s expected to receive the ACK or transmit the ACK
or response after the data communication with the base
station.

23. The at least one non-transitory machine readable
storage medium of claim 19, wherein reception of the ACK
or transmission of the ACK or response during the defined
ON duration in one of the selected number of short RS-DRX
cycles does not terminate a remaining number of short
RS-DRX cycles, wherein the CloT device initiates the one
or more long RS-DRX cycles after the selected number of
short RS-DRX cycles.

24. The at least one non-transitory machine readable
storage medium of claam 19, wherein reception of the
downlink assignment message from the base station during
the defined ON duration 1n one of the selected number of
short RS-DRX cycles terminates a remaining number of
short RS-DRX cycles and the CloT device transitions into a
packet transier state in order to receive a downlink packet
from the base station.

25. The at least one non-transitory machine readable
storage medium of claim 19, wherein the CloT device 1s
configured to receive the RS-DRX configuration message
that includes the one or more RS-DRX parameters from the
base station during an attach procedure, wherein the one or
more RS-DRX parameters imnclude at least one of: an RS-
DRX ON duration parameter, a short RS-DRX cycle param-
cter, a long RS-DRX cycle parameter, or the selected num-

ber of short RS-DRX cycles.
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26. The at least one non-transitory machine readable
storage medium of claim 19, wherein each of the short
RS-DRX cycles and long RS-DRX cycles include a defined
ON duration and a defined sleep duration.
27. The at least one non-transitory machine readable
storage medium of claim 19, wherein a duration of the long
RS-DRX cycles are integer multiples of a duration of the
short RS-DRX cycles.
28. At least one non-transitory machine readable storage
medium having instructions embodied thereon for config-
uring mobile stations (MS) for ready state discontinuous
reception (RS-DRX) at a base station, the instructions when
executed perform the following:
selecting, using at least one processor of the base station,
a MS to configure for RS-DRX, wherein RS-DRX
ecnables the MS to be 1n a packet 1dle state of a ready
state 1n between cellular Internet of Things (CloT) data
communications by the MS with the base station;

identifying, using the at least one processor of the base
station, one or more RS-DRX parameters for the MS,
wherein the RS-DRX parameters include a selected
number of short RS-DRX cycles and long RS-DRX
cycles;

transmitting, using the at least one processor of the base

station, a RS-DRX configuration message to the MS
that includes the one or more RS-DRX parameters in
order to configure the MS for RS-DRX, wherein the
MS 1s configured to run RS-DRX with the one or more
RS-DRX parameters, wherein the MS 1s configured to
receive an acknowledgement (ACK) from the base
station or transmit an ACK or response to the base
station during a defined ON duration in one of the
selected number of short RS-DRX cycles in the packet
idle state of the ready state; and

sending, to the MS, a downlink assignment message

during the defined ON duration during the packet 1dle
state of the ready state 1n one of the selected number of
short RS-DRX cycles.

29. The at least one non-transitory machine readable
storage medium of claim 28, further comprising instructions
which when executed by the at least one processor of the
base station performs the following:

storing a downlink packet for the MS at a bufler of the

base station,

wherein the MS 1s configured to terminate a remaining

number of short RS-DRX cycles and transition into a
packet transier state in order to recerve a downlink
packet from the base station.

30. The at least one non-transitory machine readable
storage medium of claim 28, further comprising instructions
which when executed by the at least one processor of the
base station performs the following: sending a notification to

a serving general packet radio service (GPRS) support node
(SGSN) after configuring the MS for RS-DRX.

31. The at least one non-transitory machine readable
storage medium of claim 28, wherein the selected number of
short RS-DRX cycles 1s included in the one or more RS-
DRX parameters when the MS 1s expected to receive the
ACK or transmit the ACK or response aiter a data commu-
nication with the base station.
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